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ABSTRACT 
The solar ultraviolet spectrum obtained in rocket experiments by the 
Naval Research Laboratory (NRL) is presented in a digitalized form 
for use in the analysis of upper atmosphere experiments. The data 
cover the spectral regions between 2990 and 1760 ft and between 
1550 and 880 A. The procedure is described for converting the NRL 
graphical data into digital form. Above 2085 d, readings are given every 
0.1 di; below this wavelength, readings are given every 0.2 d. Both 
high-resolution and calculated low-resolution spectra are presented. 
1. INTRODUCTION 
The solar ultraviolet spectrum that has been obtained 
in rocket experiments by the Naval Research Laboratory 
(NRL) is presented here in a digitalized form. This tabu- 
lation is expected to have a variety of uses for analysis 
of upper atmosphere physics experiments. As a high- 
resolution spectrum, it will be especially useful for cal- 
culating the solar spectrum at various lower resolutions 
for comparison with other data. 
The regions of the solar ultraviolet spectrum that are 
included lie between 2990 and 1760 ft and between 
1550 and 880 8. The data used were those reported by 
Malitson, Purcell, Tousey, and Moore (Ref. 1) in 1960 
in the wavelength region 2085 to 2635 8; by Wilson, 
Tousey, Purcell, Johnson, and Moore (Ref. 2) in 1954 in 
the wavelength region 2635 to 2990 8; and by Detwiler, 
Garrett, Purcell, and Tousey Ref. 3) in 1961 in the wave- 
length regions 880 to 1550 8 and 1760 to u)90 %. The 
spectra obtained in these flights have been reviewed by 
Tousey (Ref. 4). 
These data were recorded on film by spectrometers 
that were camed aloft by Viking and Aerobee rockets 
to peak altitudes approaching 235 km. After recovery, 
the film was developed and scanned with a micro- 
densitometer, and the readings were transformed into a 
series of graphs of intensity vs wavelength by use of an 
optical-mechanical device (Ref. 5), which effectively cor- 
rected for the film’s nonlinear characteristics. Where 
applicable, corrections were also made for the presence 
of water vapor in the spectrometer. 
1 
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II. DATA CONVERSION METHOD 
The data have been presented on two kinds of graphs: 
(1) Those covering the wavelength interval from 2085 to 
2990 1 comprised 64 graphs of wavelength vs intensity, 
with linear measurements (Refs. 1 and 2). Each graph 
covered a 10- or 20-1 range. (2) The remaining wave- 
length intervals were covered by five additional graphs 
having linear wavelength scales but logarithmic intensity 
scales (Ref. 3); each of these graphs covered approxi- 
mately 200 R and were, consequently, of somewhat lower 
resolution. 
The NRL data were put into digitalized form in the 
following steps: 
1. The information in the graphs was put in numerical 
2. It was decided that, down to 2085 1, the resolution 
was fine enough to permit meaningful readings 
every 0.1 R, and that below this wavelength, read- 
ings should be given every 0.2 R. Hence, it was 
necessary to manipulate the data from step 1 so as 
to obtain readings at these prescribed intervals. 
3. To present these data at lower resolution, the data 
from step 2 were integrated over larger intervals. 
form, suitable for computation. 
A. Graphical to Digital Conversion 
The first step was accomplished at Jet Propulsion 
Laboratory by use of an Oscar, a mechanical device that 
is used to transform graphical data into digital form in 
the following manner: U’ith enlarged copies, the oper- 
ator first locates two calibration points for each graph. 
The first calibration point is taken at zero intensity and 
at the most left-hand scale mark on the wavelength scale; 
then a foot pedal is depressed, causing an IBM card to 
be punched with the numbers corresponding to the x 
(horizontal) and y (vertical) positional data. The second 
calibration point is taken at the highest scale mark on 
the intensity scale and most right-hand scale mark on the 
wavelength scale. Again, a card is punched with the posi- 
tional information. Then the stylus is returned to the 
left-hand end of the graph, itself, and the graph is traced 
by the operator. As this is done, cards are punched with 
the numbers corresponding to the horizontal and vertical 
position of the stylus each time the foot pedal is de- 
pressed. So is produced a set of punched cards, consist- 
ing of two calibration cards and a hundred or more data 
cards, for each graph. In the subject study, approximately 
10,000 cards were punched for the region between 2085 
and 2990 13. In excess of 3,000 were punched for the re- 
maining intervals. However, cards were not punched at 
evenly spaced intervals. 
B. Conversion to Proper Dimensional Units 
The Oscar units are dimensionless numbers expressing 
ratios of lengths. Therefore, a computer program was 
written and run at the University of Florida that em- 
ployed the calibration-point data, transformed the dimen- 
sionless Oscar data into intensity in pw cm-2 X-’ and 
converted wavelength to 13. If xl, yl and x2,  y2 are the 
Oscar coordinates of the first and second calibration 
points, respectively, and xi, yi  are the Oscar coordinates 
of an arbitrary point along the graph, then the following 
expressions may be used for the linearly scaled graphs: 
Here x i  and Zi are, respectively, the wavelength and 
intensity in the proper units; R is the distance in ang- 
stroms between the two calibration points; S is the num- 
ber of pw cm-2 between the calibration points; and 
R’ is the wavelength at the first calibration point. 
The data in the regions 880 to 1550 X and 1760 to 
2100 R were available on semilog plots. For these graphs, 
the equation relating intensity to Oscar vertical coordi- 
nates is - 
where T is the common logarithm of the ratio of the 
second calibration intensity to the first, and loT‘ is 
the intensity value at the origin of the graph. The addi- 
tional factor of 10-1 results in changing from erg sec-’ 
to pw. 
C. Erratic Oscar Reading Corrections 
In analyzing the semilog graphs, it was necessary in 
the program to incorporate a precaution against erratic 
Oscar readings. Because of the nature of the parabolas 
being fitted and the sensitive nature of the logarithmic 
2 
I .  
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scale, it was necessary that the data readings from the 
Oscar be fairly evenly spaced. If two readings were 
either very close together or quite far apart, there was 
a possibility that the resulting parabolas would yield 
unreasonable interpolated values. Consequently, correc- 
tions were made for both of these conditions. If the 
former situation occurred, the two points were replaced 
by a single point whose coordinates were the averages of 
the coordinates of the two points. To correct the latter 
case, additional data points were generated between the 
two points-evenly spaced in the wavelength coordinate- 
and a linear, rather than a parahdic, kteipulation was 
us&. Instances of the original data points being too 
widely separated were rare; however, the reverse situa- 
tion occurred fairly often. 
D. Curve Fitting Routine 
Since the Oscar readings were not evenly spaced, the 
program next employed a quadratic curve-fitting routine 
to interpolate these data to every 0.1 or 0.2 R.  his 
process amounted to passing a parabola through each 
series of three successive data points (excluding the cali- 
bration points themselves) and evaluating the quadratic 
function at appropriate integral multiples of 0.1 or 0.2 R. 
After all the intermediate points were determined, a new 
parabola was constructed in the same manner, using the 
second and third points of the parabola just described 
together with the next new data point to the right (in 
order of increasing wavelength). The process wzs s z -  
tinued until the e d  sf the graph was reached. The first 
few points on a graph usually required special treatment 
and it was sometimes necessary to extrapolate the first 
parabola to obtain these values. 
Several irregularities were encountered in examining 
the computed results and the graphs. In all such cases, 
minor mistakes in the Oscar readings were found to be 
the cause, and, therefore, appropriate corrections could 
be made. 
111. RESULTING DIGITAL SOLAR ULTRAVIOLET SPECTRUM 
The results in pw cm-2 hi-l were then expressed in 
photons cm-2 sec-' by dividing the energy in pw by 
the energy/(photon/sec), in pw sec, at each wavelength. 
We use the equation 
which relates the energy of a photon to Planck's con- 
stant, h, the speed of light in a vacuum, e, and the wave- 
length of the photon, A. As these values were calculated 
on the computer, they were punched out on tab cards 
hc and listed in tabular form. They are presented in 
Tables 1 through 3. A 
E p  =- 
IV. LOWER RESOLUTION SPECTRA 
The major stimulus for obtaining a high resolution 
digital form of the solar spectrum is to make it possible 
to calculate the solar spectrum at various lower resolu- 
tions for comparison with other data. For this purpose, 
the first set of cards was used as input to a second 
program. 
The second program, which had as its input the solar 
spectrum at 0.1- and 0.2-1 intervals, integrated the func- 
tion represented by these values over 1-, lo-, and SO-R 
intervals. The integration was done by application of 
Simpson's rule. Although the line shapes would have 
been modified somewhat by the inclusion in the analysis 
of a slit function, the integrated values, generally, would 
not show much difference. 
The integrated values of the solar spectrum are listed 
in Tables 4 through 10. The data contained in these 
tables are also available in punched card format.' 
'Technical Information and Documentation Division, Jet Propulsion 
Laboratory, Pasadena, California. 
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Table 1. Solar spectrum at 0.2-8 intervals in the region 880 to 1550 8 
Wavelargth, 
B 










1 9 Q .  
1. 













6 .  
7.  













' .  . 
2 
a *  










1. " 2 1  
1.725 























2 . 5 0 4  
2.113 
1.714 






















2 . n 3 4  









































2 .132  
2.347 
2.383 





















1.334 1. 362 
1.4-?1 1.529 
1.763 1.809 
1. :S33 1.834 
i . 7 i 2  1 . 6 ~ 0  
1 . '112  1.809 




























.These values should bo multiplied by 10' 
5 
JPL TECHNICAL REPORT NO. 32-951 
Wavelength. 
8 
Table 1. (Cont'd) 
Intensity," photons/cm' sec 2 
+o.o I +0.2 1 I +0.4 8 I +0.6 8 I +0.8 8 
9 2  0 .  
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
9 3 0 .  
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
9 4 0 ,  
1 .  
2 .  
3 .  
4. 
5 .  
6 .  





1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
<> 
0 . 9 7 2  
1 .372  
1 . 1 9 8  
1 .897  
1 . 0 0 1  
1 . 0 5 0  
2 . 0 8 2  
1 . 0 7 9  
0 . 9 4 0  
0 .?55 
1 .096  
2 . 4 4 3  
0 .897  
2 . 3 2 7  
0.970 
0 . 9 2 9  
0 . 9 5 9  
1 5 8 7  
2 .763  
0 . 9 5 7  
0 , 0 3 2  
0 . 9 1 5  
0 .915  
0 . 9 6 2  
1 . 0 0 1  
1.541 
1 . 0 1 6  
0. 9 1 4  
6 .939  
1 . 1 2 3  
5 . 2 0 5  
1 . 4 6 0  
0.  Fh? 
0 . 8 1 7  
0 . 9 5 7  
0 . 8 1 0  
0 . 7 7 5  
0. 7 7 1  
0. s o 3  
Q . s A 3 
1.055 
1 . 2 9 4  
1 . 2 3 9  
1 9 4 6  
0.082 
1 . 1 1 9  
1 .955  
0 . 9 8 9  
0 . 9 3 8  
0 . 9 6 7  
1 4 4 2  
2 . 1 7 9  
0 . 9 2 9  
2 . 3 3 0  
0 .928  
0 . 9 3 0  
0 . 9 7 9  
2 .787  
1 9 4 4  
0 . 9 6 3  
0 . 9 2 6  
0 .915 
0 . 0 2 1  
0 . 9 7 4  
l o n 3 7  
1.L.50 
O . C S 6  
0 . 9 1 3  
0.946 
1.575 
4 .757  
1 . 2 L 4  
0. s45 
0. R 2 3  
0 .856  
0.Q01 
0 .772  
0 . 7 7 1  
0. 
(3.3?2 
1 . 2 1 4  
1 . 1 9 4  
1 .316  
1 . 7 9 4  
0 .979  
1 . 3 3 2  
1 . 7 7 1  
0 . 9 5 1  
0 . 9 3 4  
0 .983  
2 . 3 4 4  
1 .491  
1 . 1 2 4  
2. 1 5 1  
0 .947 
0 .933 
1 . 0 0 5  
3 . 4 9 4  
1 . 4 9 0  
0 .952  
0 . 9 2 3  
0 . 9 1 4  
0 . 9 3 4  
0.  ?? 1 
1 . 2 1 3  
1 . 3 4 1  
0 . 0 7 3  
0 .@17 
0.4'62 
3. R 3 6  
I. 3 5 4  
1 .175 
I. L 6 7  
1.L.35 
0 .972 
1 . 6 3 4  





1 . 0 9 2  
1 .492  
1. S 3 1  
0 .942 
0 . 9 3 9  
1 .036  
3 . 3 5 1  
1 . 1 9 8  
0 . 9 4 7  
0 .923  
0 . 9 1 3  
0 . 9 4 9  
0 . 9 8 5  
1. LO6 
1 . 2 1 3  
0.06 2 
@ s 0 2 4  
n .as2  
5.::4.j 
1. 4-15 
1 . 1. '? 6 
1. h h 7  
1.07F; 
1 . 0 0 0  
1 .435  
1 . 2 7 2  
0 .946  
0 . 9 4 6  
1 . 0 4 0  
2 . 4 8 1  
0 . 9 5 1  
1."33 
1 . 3 9 3  
0 . 9 3 4  
0 . 9 4 7  
1 .178 
3. 2 2 4  
1. 0 2 9  
0 . 9 3 9  
0.9 1 2  
0 . 9 1 3  
0 .955 
0 . 9 9 2  
1 .533  
1.T)qo 
0.Q3C) 
0 . 4 3 2  
1.005 
5. 6 4 q  
I .These values should be multiplied by IO' I 
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I '  Wavelength, 
8 
i 
Intensity,' photons/cm* sac 8 
+O.Og 4-02 4-0.4 8 4-0.6 8 +0.8 8 
96 0. 
1 .  
2 .  
3 .  
4 . .  
5. 
6. 
7 .  
8 .  
9 .  
970. 
1. 
2 .  
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4 .  
5 .  
6. 
7 .  
3 .  
9 .  
0 8 0 .  
1. 
2 .  
3 .  
4 .  
5 .  
6 .  










7 .  
R . 
9 .  
0.764 0.759 0 .754  
0 .751  0 . 7 5 0  c.749 
0.741 0.742 0.742 
0 .741  0.744 0 , 7 5 0  
0.756 0.752 0.748 
0 , 7 3 9  0.737 0.739 
0 .739  0.739 0 , 7 4 0  
0 , 7 4 4  0.745 Om746 
0 .747  0.747 0.749 
0.752 
n 71.c 0. I -rJ 
0.741 
0.757 




0 .753  
0 0 7 6 9  0.77Q 0 .788  0.802 
0 .919  1.037 1.180 1.259 
1.277 1.221 1 . 1 2 0  1.029 
0 .909  0.866 0.825 0.799 
0 .750  0.773 0.766 0 .765  
0.777 0.799 0.861 0.896 
1.545 3.815 10.47P 19.107 
29 .092  24 .140  13 .295  6.?63 
2.451 1.722 1.130 0.on3 
0.929 0.349 0.269 O.!;L9 
0 .827  0.818 0.809 
0 .810  0.817 0 . 5 2 3  
0 .521  0.805 0.732 
0.740 0.753 0 .800  
0 .9Rh 1.064 i . 0 7 5  
0 .939  O . G R 5  0.829 
0 . 7 5 3  0.770 0.776 
0 0 7 2 5  0 .721  0 .714  
0 .681  0 .790  l e 0 4 7  
1.517 1.505 1.587 
0.Z05 
0. H ? R  
0 .763  
0.H53 
1 .045  
0.773 




2.148 2.106 1 .002  1 .513  
1 .343  1 .450  1.979 3 .142  
3 .734  3.993 2.379 l o S 7 2  
1 0 7 5 2  1.6f~6 1.204 0 .612  
0 .754  0.787 0 . 8 0 2  0.221 
0 . 3 3 9  0.539 0.527 0 .807  
0.756 0.736 0.726 0.728 
0 . R O O  o.q-37 0.011 0 .988  
0.954 0.007 0.R56 0.802 
0 . 8 3 9  0.911 0 .981  1 .011  
0.  7 5 2  
3.711 
0. 7 4 0  
0.761 
0 .744  
0.739 
0 .744  
0.716 
0 .750  
0 .833  
1. 290 
0. s h 3  
0 .790  
0.769 
0.  Q05 
28.146 
4 .026  
0.  "69 
0. (03 7 
0 .205  
0.830 
0 0 7 4 7  
0.913 
1.0r)O 
0. 7 5 2  
0. 7 3 8  
0. 6 7 6  
1.591 
2.  0 0 7  




0 .  s 32 
0.779 
0 .760  
0.98 7 
0 .803  
0 .992  
.There values should be multiplid by 10s 
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Wavelength, 
8 
Table 1. (Cont'd) 
Intensity," photons/cm* see 8 
4-0.0 2 I 4-0.2 8 I +0.4 8 I +0.6 8 1 +0.8 8 
I I I I 1 
1000. 
1. 
2 .  
3 .  
4 .  
5.  
0 . 
7 .  
9. 









0 '> . 
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10?0 .  
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7 .  
c,. 
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3 .  
r> . 
1030. 
1 .  
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r :  
0.936 0 . 8 0 9  0 . 8 6 5  0oG37 0 . q l l  
0.7PS 0.777 0 . 7 7 4  0 .775  0 .739  
0.666 0 .634  0 .647  0.665 0.610 
0 .693  0.702 0 .702  0.65'9 0 0 6 9 7  
0.690 0.683 0.684 0 . 1 5 ~ 3  0.6713 
0 . 6 8 3  0.597 0.727 0.730 0.Ch3 
0 .887  0 . 8 7 9  0 . 8 5 0  0.904 0.746 
0 0 7 0 8  0.57.3 0.647 0 . 6 2 4  0.615 
0 .619  Oe63Y 0.635 0 . 7 3 0  0 .733  
0 0 7 2 9  0 .724  0.773 0 .732  0 0 7 6 s  




0 .655  
0.612 
1.':05 
5. 0 5 3  
7 . 6 6 3  
8 




Table 1. (Cont'd) 
Intensity.' photons/cm' IOC 8 
4-0.08 4-03 2 +0.4 2 4-0.6 2 +0.8 8 
I 
1. 
2 .  
3 .  
4 .  
5 .  
6.  
7 .  
8. 
9 .  
i 0 5 n .  
1. 
2 .  
3 .  
4 . 
5 .  
h . 
7 .  
n .  
0 .  
i m n .  
1. 
3 .  
3 .  
4 . 
f> . 
7 .  
8. 
9 .  
-. 
-I. 
1 0 7 0 .  
1.  
7 .  
3 .  
4 .  
5 .  
6 .  
7 .  
P , .  
a .  
0.7 04 
0 .718 
0 . 5 " 7  
9.4 9 9  
0 .479  
0 . 5 3 4  
0 .575  
0 .551  
o. 5 7 n  
G o 6 2 2  
0.6 02 
0 .529  
0 .505 
0 . 4 9 1  
0 .482  
0 . 4 7 4  
0 . 4 7 0 
0.467 
OmL63 
0 . 4 6 4 
0 . L ~ 6 9  
0 .477  
O.L;i2 
0. 6 6 s  
Cle 5 7 1  
0.5 05 
0 . 5 0 4  
0 . 5 9 0  
0 . ~ E . 2  
0 -  464 
0. L-53 
Omri  55 
0.47,': 
0 , 7 4 1  
0 .483  
0.394 
0 . 4 1 5  
0 . 4 3 7  
0 .371  
0 . 3 7 3  
0. 6 3  8 
0 .7 "3  
0.629 
0 . L R 9  


















0. 6 3 6  















0 . 3 s 2  
0. s a 5  
0.579 
0 . 7 '; h 
0.576 




0 . 5 5 2  
0 .598 
0 .622 
0 . 5 6 7  
0. 5 1 2  
0 . 4 9 4  
0. 4813 
0 .479  
0. rt 7 4  
0 . 4- 6 n 
0.467 
0 . 4 6 L  




0. 5 9 5  
0 .504  
0 .520  
O.635 
0.4R5 
0 .476  
0.462 
9 .453 
0 . 4 6 4  









0 . 7 6 4  0.733 
0 .533  ii.5iii 
0.4f'O 0.478 
0. 5 n2 0. 5 1 9  
0 .566 0. 5 7 4  
0.563 0 . 5 5 7  
0 .557  0 .561  
0 .609  0 , 6 1 7  
0.62Q C.613 
O s L 5 1  0oL5.2 
0 . 4 7 3  0 .L77 
0.714 0 . 7 5 1  
0.562 0 .513 
0 . 3 9 8  0.391 
n.404 0.~12 
0.432 n.Lx> 
0.396 0 .332  
0.371 0 . 3 7 6  
0 .390 0 . 3 9 3  
'These valuer should b. multiplied by 10 
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+o.o 8 +0.2 8 s 
Table 1. (Cont'd) 
f0.4 2 4-0.6 8 +0.8 2 
1080. 
I .  
3 .  
3. 
4 .  
5. 
6. 
7 .  
Ql . 
9 .  
1 0 9 0 .  
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
1100. 
1. 
2 .  
3 .  
A .  
5. 
h . 




1 .  
7 .  
3 .  
4. 
h 
7 .  
P .  
C' . 
- 
7 .  
0 . 3 9 a  
0 . 4 2 2  
0.3?0 
0.434 
1 7 3 4  
1 9 P, :3 
00 866 
0.  f : 1 6  
G .  I t22  
0 . 4 3 3  
0 . 4 1;- 4 
0 .424 
0 f t  5 3 
0 .490 
0 . 4 5 7  
0. 4 7 7  
9 . 4 8 6  
0.531 
0 . 5 5 0  
O m  521 
0 . 5 2 4  
0 . 5 3 6  
0.54 3 
0 . 5 4 4 
0.550 
P. 556 
0 0 5 h 6 
9.580 
0 * >  :--> ?  
0.612 
0.8% i :  
0 0  6 74 
0 . 5 7 2  
0 .75 f I  
1.051 
0. 7 0 2  
(i e /b 6 !J 
0 * 4 P'4 
007P16 
0 0 f ! -  05 
0. C;.?7 
0.3'32 
0 Jt 5 9 
1 . " f i n  
l e 0 ( 7 0  
0.521 
0 .417  
0 [t 1.4 
0 4 3 h 
0 4 i) 9 
0 4 3 6 
0 I.- 5 1 
0 4 q a 
0 .47?  
0.469 
o.rt02 
0 . 5 3 5  
0 .547  
0.5 1;) 
0 . 5 2 4  
0 . 5 3 ?  
c. 5 4 3  
0 . 5 4 5  
0.55 1 
0 .557  
0 . 3 7 3  
0 5 7 ;; 
0.5QO 
0. h 07 
0 '9 3 3 
0.529 
0.72~ 
0. Q h 6  
0. "177 
0 . 7 s 4  
0 4 6 6 
0 . 7 9 2  
o m  5 n7 
0 . [:- 1 c) 
0. 4 2 2  
0 * 3 r , 4  
0 .532  
l e " 1 3  
1 7 '17 
0 , 3 5 3  
0 . 4 2 1  
0 o f t 1  1 
0 .431  
0 . L L  6 3 
0.442 
0 .457  
0 .454  
9 .490 
0 .4hn  
0 . 5 0 3  
i).-53? 
0.541 
0.5 14-  
9.526 
0 . 5 3 9  
0.546 
0 . 5 1:- 6 
0.5.32 
0.559 
9. 5 7 2  
0.5 7 4  
0. 6 2 4  
0 . 6 2 7  
0 . 8 2 1  
0. 6-32 
0.999 
0 . 7 9 2  
0.7 08 
0 .46  1 
0.539 
0.7R3 
0 0 7 ~ f ?  
- 0 0 7 1 9  0 .671  r-).(,12 _ _ - _  
'There values should be multiplied by 10 
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Intensity: photonc/cm' sec g 
+ O . O i  4-02 8 4-0.4 g 4-0.6 g 4-0.8 
Table 1. (Cont'd) 
I 
1 1 2 0 .  
1. 
2 .  
3 .  
4. 
5 .  
6 .  




1 .  
2 .  
3 .  
L.  
5 .  
6 . 
7 .  
9. 
1 1 4 0 .  
1. 
2 .  
3 .  
4 . 
6 .  
7 .  
0. 
9. 
1 1 5 0 .  
1. 
2. 
3 .  
4 .  
5. 
6 .  






0. 4 8 3  
1.125 
1. 304 
0 . 4 C? 1 





0.6 2 5  
0 .635  
0.57L 
0 .533  
0. q 0 7  
0.876 
O . L ( J 6  




13. h 97 
0.6 :>7  
0.715 
0- 632 
0 . h 5 2 
0 .605  
0. 6 36 









1 .053  
1 . 2 4 0  
1.23r) 
0.47c) 
0 .514  
1.303 
1 .213  
O.ff.:{R 
0. ' :73 
0 . 5 3 8  
0 .549  
O.SL1 
1.055 
0 . 6 5 0  
0.6 07 
0 .552  
0 . 5 0 5  
0 . 9 1 5  
0 .798  





0 . 5 L/t 
0.70b 
0.692 
0.15 2 4  







1 .300  
0 .728  
0.66 1 
0 .741  
1 .140  
0. ?7 5 
1.325 
1. 055 
.These values should be multiplied by 1P 
11 
4 
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Wavelength, 
8 
Intensity,' photons/cm' sec 8 
4-0.0 8 +0.2 8 4-0.4 8 +0.6 8 +0.8 8 
11 h 0 . 
1. 
2. 





e .  
9 .  
1170. 
1. 





7 .  
8. 
9 .  
11 8 0 .  
1. 
2 .  



















O m  7 h6 
1 m  094 
0. p 02 
0 7 '3 7 









O . 9 P 8  













1. 0)' H 
l a 1 5 0  
1.414 
1 m R 6 Q  
1 3 L 3  
1 . 1  04  
1 7 0 ' )  
2.1 r L 8  
2 . O L 3  
1.365 
1.704 
l . 6 r l  
Om755 
0.823 
l o o r 1  
0.754 
0.320 
O m  972 
0 . 9 2 2  
1 .130  
1.191 
O m  5'43 
0. 950 




1 m  166 
4 3 '"1 2 
6.093 
0.f'lO 
0 . ? 0 3 
0.919 
0 . S 8 0  







1 . Lt 5 a 
Z m  047 
1 . 2 2 3  
1 . 2 2 0  
2.910 
2 m 2 ? 0  
1 :, 3 7  
1 3;32 
l . 8 R 3  
1.477 
i .no7  
Om 752 
0.871 
1 m  Oh0 
0.784 
0.912 





O m 9 9 5  




1 m  5 4 4  
6.090 
4.773 
Om 85 1 







1 m  (I17 
1 m  058 
1. 1 0 4  
1 m  1 3 4  
1oL4Q 
2.073 













O . ? ! ? l  
O m  999 











O . C , 6 0  






O m  997 
1.023 
1 m  066 
1.117 
1 m  227 
1 .501  









*These values should be multiplied by 1 0  
12 
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Intensity,. photons/cm* sec g 
+0.08 I + O A R  I +OA8 I 4-0.68 I i -O.88 
Table 1. (Cont'd) 
I I I 
l?flfl. 
1 .  
2 .  
3 .  
L . 
5 .  
6. 
7 .  
f? 
4. 
1 3 1 0 .  
1 .  
2 .  
3 .  
4. 
5 .  
6 .  
7 .  
F. 
9. 
1 2 2 0 .  
1. 
7 .  







1 7 3 n .  
1 .  
2 .  
3 .  
4 0  
5 0  
6 .  
7 .  
9. 
0 .  5oLF.5  503'11 5.232 4 . 6 6 1  3 .n19  
.There values should be multiplied by 1 0  
i 1 3  ~ 
1 
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Wavelength, 
8 
Table 1. (Cont'd) 
Intensity,' photons/cm* sec 8 
+O.O 8 I +0.2 8 I +0.4 8 I 4-0.6 8 I +0.8 8 
1 2 4 0 .  
1. 


















3 .  
L. 
h . 
7 .  
0 .  
1 2 7 0 .  
1. 
3 .  
3 .  





c j .  
7 
3 .  




3 .  
1 .  
1 - 7 4 2  
1.305 
2.00s 
3 .  164 
1 0 7 3 4  




1 .357  




2 .  1 5 3  
1.416 
1.ft5.3 
1 R CJ 6 
1.375 
2.5?6 
2 . 8 3 4  




S . 3 8 1  
7 .970  
2 068 
1 e 4 3 6  













3. 1 5 8  





1 3 7 I t  






1 . 6 f i  4 
I.. 3 9 3  
2.752 
2 . o 3 (> 
3.9n7 
1 . n (> 6 
5 3. LL 7 
s o 3 1 2  
1 0 7 2 2  
7.210 
4 . 5 ft ? 
1 P,3? 








1 . 5 6 3  
2.045 
l.C.0Z 
l o  1 5 3  
1.4+9 
2 .330  
3 . 0 (1 7 




1 .559  
1 .351  
1.505 
1.501 
1. 1 8 7  
1.425 
1. 7 9 3  
1 . 3 ? ?l 
2.036 
1 5 4 2 
1 4 6 4 
2.756 
4 . c) n 8 
4. 7 1 2  
1.183 
1. 0 6 2  
2.097 




ne 9 7 9  
1 089 
1- 142 
1 . 0 2 1  
0. 9 6 2  










10 3 3 1  
1.364- 
1.605 
1 . 4 8 8  
1.376 
1. 6$2 
l e 4 R 5  
1 . 1 Q O  
! e 3 0 3  
1 . 5 C )  '5 
1.401 
2 .133  
1.445 
1 .609  
2.722 
5.196 
3.  17" 
1.1 or3 
1.005 





1 .162  
1.110 
1 .021  
0 .357  
1.651 
1 0 1 7 
1.72f7 
2. 1 4 3  
1.33L- 
1.593 1 0 7 9 2  1.778 1."?7 1 .063  
'These volues should be multiplied by 108 
I 
1 4  
JPL TECHNICAL REPORT NO. 32-951 . 
Wavelength, 
2 
Table 1. (Cont'd) 
Intensity." photons/cm' sec 2 
+ O B 8  I 4-0.2 8 I i-0.42 I +0.6 8 I 4-0.8 8 
1 2 9 0 .  
1. 
2. 
4 .  
5 .  
6 .  
7 .  
8 .  
0 .  
2. 
i29n. 
1 .  
2 .  
3 .  
4.  
5 .  
6 .  
7 .  
8 .  
3. 
1300. 
1 .  
2 .  




7 .  
a .  
9. 
1 3 1 n .  
1 .  
2 .  
3 .  
4 .  
3 .  
6 .  
7 .  
0 
> .  
1.024 
1 - 2 7 ?  
0 . 8 1 0  
0.926 
0 .n3s  
0. 8 6 7  
1 .076 
2 . 0 4 3  
1 .612  
n 0/.7 u o  c -rL 
1.396 
1 . 0 3 6  
0 . 4 2 7  
0.95? 
1 . 1 9 8  
1 . 4 1 7  
1 .067  
1 . 1 2 4  
1 . 4 4 0  
2.361 
2 . 0 3 4  2 .180 
2 .622  2.679 
1.?R3 1 .014 
1.E36 1.793 
1 , 2 6 5  1.273 
1.554 1.715 
2 . 5 1 7  2.597 
1 . 6 C 2  1 .4c3  
2 . 0 9 6  2.550 
2 .032  2 . 5 3 4  2 .911 
4 . 4 9 0  7 . 7 0 9  1 1 . 2 6 4  
7 . 7 1 6  5.02" 3.206 
2 .752 2 . 9 3 2  3 . 3 q 7  
12 .3(>6 1 6 . 4 0 2  l h o L - 6 6  
1 5 . 1 0 2  1 4 . 9 3 2  1 6 . 9 9 1  
1 3 . 4 3 5  6 . 2 9 7  0 . 4 1 0  
1 .467  1 . 5 7 8  1.S23 
4 . 7 6 3  5 .267  5 .573  
5 , 0 5 2  4 .132  2 . 0 3 0  
2.  4?4 
2 . 3 7 5  
1 . 3 B R  
1.4R3 
1. 3 4 2  
2 . 0 7 4  
2.599 
1 . 5 6 9  




1 .312  
1.130 
2.311 
2 - 2 7 ?  
1 .716  
1. " 7 5  
9 .  1 .624  1 .410 1 . 3 3 6  1 . 3 5 1  1 .333  
.These valuer should be multiplied by 10s 
15 
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Wavelength, 
8 
Table 1. (Cont'd) 
~~~ ~ 
Intensity.' phatans/cm' sec 8 









1330 .  
I .  
2 .  
3 .  
4 .  
5 .  
6. 
7 .  
3 .  
9 .  
1 3 4 0 .  
1. 
2 .  
3. 
4 .  
5 .  
6 .  
7 .  
Q .  
9. 
1 3 5 0 .  
1.  
2 .  
3 .  
L. 
5 .  
5 . 
7 .  
,R 
7 
I .  
- 
7 .  
16 
. 




Table 1. (Cont'd) 
Intensity/ photonr/an* sac 8 
4-0.08 4-63 1 + O A  2 4-0.6 8 +Od 
1 3 6 0 .  
1 .  
2 .  
3 .  
4 .  
5 .  
60 
7 .  
P,. 
9 .  
1 3 7 0 .  
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
1 3 9 0 .  
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 0  
9 .  
1 3 9 0 0  
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
2 .515  2.661 2.802 
2.920 2.863 2.705 
L 3 -21 -17   2 C I L  ~ ~ 3 5 1  ~ ~ 4 9 5  
3 , 1 3 6  3 , 2 5 9  3.226 
2.716 2.481 2.163 
2.085 Z e 1 7 R  2.287 
2.333 2.333 2.342 
2.556 2.682 2.705 
2.655 2.600 2.56% 
2 .773  2.893 2.989 
2.971 3.002 3.063 
3 .042  2.956 2.909 
2.798 2.717 2.623 
2 .827  2.896 2.885 
2.667 2 , 6 3 1  2.605 
2 .621  2.648 2.665 
2.751 2 0 7 6 9  2.748 
2 .674  2.654 2 .623  
2.768 2.829 2.928 
3.056 3.021 2.958 
2.950 3.002 3.103 
3.148 3.050 2.987 
2.906 2.906 2.902 
2.912 2.921 2.926 
3 .024  3 ,072  3. 1 1 4  
3.085 3.054 3.040 
3.208 3 , 2 5 0  3.239 
3.172 3.147 3.115 
3.155 3.211 3.216 
3.101 3.070 3 .042  
2 .993  2.996 3.011 
3.218 3.345 3 .504  
4 .594  5.281 7 . 0 5 4  
16 .588  18.465 18 .729  
9 .243  3.169 2.698 
3 .310  3.330 3.336 
3.398 3.393 3.370 
3.279 3.261 3 .250  
2 .892  2 .930  
2.509 2.371) 
2 .731  2.9f+7 
3.092 2mQ15 
2 .010  2.934 
2.324 2.335 
2 .387  2.461 
2.726 2.716 
2.618 2.685 
3.039 3 .024  
3.112 3 .099  




2 .674  2 .714  




3.232 3 .221  
2.944 2.917 
2.900 2.902 
2.940 2 , 9 6 9  
3. 127 3. 1 1 1  
3.073 3.145 
3.216 3 .193  
3 .124  3.154 
3. 182  3 . 1 3 7  
3.018 3.002 
3.049 3.118 
3.698 4 0 0 6 7  
9 .975  13 .545  
17 .474  14 .452  




9 .  3 .603  30676  3.735 3 .789  3 .811  
*There valuer should be mul?iplid by 10' 
I i 
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Wavelength, 
1 
Table 1. (Cont'd) 
Intensity," photonr/cm' sec 8 
+0.08 I +0.2 8 1 +0.4 8 I +0.6 8 I +0.8 8 
1 4 0 0 .  
1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 0  
9 .  
1 4 1 0 .  
1. 
2 .  
3 .  
4 .  
5 .  
60 
7 .  
8 .  
9 0  
1 4 2 0 .  
1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 0  
8 .  
9 .  
1 4 3 0 .  
1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
0 .  
98 
3-79!? 3 0 7 7 6  
5.157 5 .843  
5 .775  5 .079  
13091 .4  1 3 0 1 5 5  
3 .368  2.531 
4 . 1 3 7  4 . 3 4 9  
4 .276  4 .059  
3 .634  3 .578  
3.006 3.766 
3 .345  3 . 3 7 0  
3 .738  
3 .  8 6 0  
4 .419  
4 . 3 0 1  
4 .196  
3 0 7 9 6  
4 .  on0 
3 .955  
4 .148  
3 .865  
3 .699  
4. 4 6 6  
4 0  3 2 4  
4 . 4 5 0  
4 .114  
3.777 
40 1 7 0  
3. 9 12 
4 0  0 6 9  
3 0 9 2 6  
4 . 8 2 0  4 .844  4 0 8 6 3  4 . 8 8 5  4.944 
5 .044  5 0 1 8 7  5 0 3 2 8  5 .524  5.808 
6 .026  6 0 2 3 2  6 0 4 5 6  6 0 7 0 6  6.959 
7 . 1 6 9  7 . 2 9 8  7 . 3 4 0  7 . 3 0 5  7 0 1 7 ' t  
6 0 9 2 6  6 0 4 5 3  5 .930  5 0 4 9 5  5 .260  
5.212 5 .381  5 .732  6 .125  6 .208  
6 . 0 0 4  5 .505  5 .483  -3.632 6 0 0 6 3  
6 .342  6 . 5 5 4  6 . 5 4 4  6 0 3 7 6  6 . 0 9 3  
5 . 8 3 0  5 .726  5 . 6 7 3  5.647 5 .630  
5 .582  5 .563  S o 5 7 2  5 . 5 7 3  5 .574  
.These valuer should be multiplied by 1 0  
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I 
~~ ~~~ ~ 
Inknsity.' photonr/an' see 
+O.Og +0.2 g +OAX i-0.6 g +0.8 








7 .  































5.750 5.799 5.825 5.835 5.924 
5.1?07 5.726 5.769 5.753 5.753 
5e7P5 5.825 5.867 5.907 5 0 ~ 2 7  
5,918 5.892 5.563 5.847 5.R86 
5.939 5.956 5.990 6.031 6.051 
6,076 6.111 6.153 6.191 6.220 
6.233 6.241 6.253 6.282 6.309 
6.306 6.336 6.371 6.337 6.105 
6.290 6.290 6.259 6.276 6.247 
6 ,213  6.183 6.179 6.178 6.150 
6.133 6.138 6.178 6.237 6.280 
6.316 6.362 6.511 6.692 6.970 
6.921 6.911 6.579 6.885 6.900 
6 .899  6 e 8 6 n  6.859 6.921 70066 
7.314 7.713 7.857 7.791 7 ,684  
7.527 7.347 7.247 7.218 7.270 
7.351 7.434 7.479 7.582 7.670 
7.631 7.599 7.604 7.739 7.948 
8.191 8 . 2 6 ~  8.251 8.154 a . w 7  
7.903 7eP34 
8.078 8.199 

















7.841 7.899 7.970 
8.253 8.272 8.266 
8.847 9.195 9.477 
9.146 8.847 8.565 
8.517 5.567 8.605 
8.751 o . a i i  R ~ R E ~  
9.818 10.323 10.960 
12.672 12.956 13.096 
11.543 10.567 10.465 



















9. 6.756 8.960 9.250 9.609 10.013 
.There vo lwi  should b. rnultipliod by 10 
19  
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2 .  
3 .  
4 .  
5.  
6 .  
7. 
8. 
9 .  
1490.  
1. 
2 .  
3. 
4 .  
5. 
6 .  
7. 
9 .  
1500.  
1. 





7 0  
a .  
0 
9 .  
1 5 1 0 0  
1. 





0 .  
9 .  
5 0  
15.880 15.880 1 5 0 7 0 0  15.424 150106 
14.890 14.049 15.225 15.514 15.940 
16.454 1 6 0 6 3 7  16.631 16.467 16.243 
16.011 15.933 15.876 1 5 0 7 9 5  1 5 0 6 9 3  
15.647 15.701 15.729 15.758 15.786 
1 5 0 8 3 6  15.896 15.952 15.971 15.968 
15.997 16. 060  16.147 16. 179  160 73P 
16.649 1 6 0 6 7 1  14.696 16.746 l h 0 8 7 r  
16.361 16.401 16.417 15.447 1 6 0 5 4 3  
16 .q50  17.050 17.220 17.437 17.815 
'There valuer rhould ba multiplid by 10' 
. 
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a 
Table 1. (Cont'd) 
1520.  15.657 15.550 15.651 1-5.651 15.666 
1, 15 ,668  15.670 15.700 15.765 15.p2c) 
2 0  15.932 16.141 lh .147  16.157 15.320 
3- 16.271 16mOOO 15.874 15.816 15.834 
4.  15.727 15.470 15.715 1 5 0 9 2 3  16.269 
5. 17.166 19,381 22.190 25.176 27.297 
6. 23.366 28.348 27.479 24.701 19.976 
70 17.436 16.239 15.4R5 16.368 16.289 
8 .  16.248 16.235 16.237 16.165 15.2'47 






































40. Q ? 1  
2rJ. 91 0 
6.521 
~~- 
.These valuer should be multiplied by 10s 
21 
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Wavelength, 
B 
Table 2. Solar spectrum at 0.2-8 intervals in the region 1760 to 2100 8 
Intensity? photonr/cm* sec 

















6 .  
7. 








6 .  





2 .  
3. 
4 .  












































1.094 1.016 0.981 0.076 
1.150 1.149 1.104 1.186 
1.273 1.195 1.008 0.921 
1.017 0 0 9 9 4  0.975 0.994 
1.100 1.109 1.066 1.036 
0.945 0.932 0.916 0.909 
0 0 9 0 4  0.922 0.990 1.100 
1.397 1.386 1 0 3 6 0  1.316 
1.249 1.228 1.202 101.69 
1.028 0.996 1.049 1.169 
1.395 1.259 1. 213 1.243 
1.396 1 .463  1.424 1.366 
1.334 1.392 l . 4 c 7  1.599 
1.548 1.512 1.494 1.492 
1.460 1.394 1.289 1. 169  
1.026 1.050 1.094 1.132 
1.196 1.225 1.202 1 . 2 9 1  
1.356 1.343 1.317 1.306 
1.322 1.355 1.417 1. 524 
1.602 1.569 1.512 l o ' ~ 3 3  
1.583 1.577 1.555 1.553 1.564 









1 8 0 0 .  
1. 
2 .  
3 .  
4.  
5 .  
6 .  
7 .  
8 .  
9 .  
1 8 1 0 .  
1 .  
2 .  
3 .  
4. 
5 .  
6. 
7 .  
9 .  
1 5 2 0 .  
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
1 9 3 0 .  
1.  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  




Intensity.. photons/cm' sec 
+O.O g I + 0 1  8 I 4-0.4 2 I 4-0.6 2 I +0.8 8 
Table 2. (Cont'd) 
1 . 2 1 0  1 . 8 3 0  1 .768  
1 . 5 3 6  1 . 6 9 4  1 .758 
le:??? l . n r ) s  2.724 
1 . 6 9 5  1 . 7 3 0  1 .789  
1 .926  1 .892  1 . 8 3 9  
1 . 3 9 5  1 .982  1 .752  
1 . 5 9 6  1 . 6 4 3  1 - 8 1 2  
3 . 6 4 5  3.182 2 - 4 3 1  
1 . 6 4 9  1 .598  1 . 6 6 8  
1 . 8 2 6  1 .957  2 .085 
1 . 7 6 6  1 .766  1 .837  
1.847 1.913 1 .976  
1 . 8 6 9  1 .782 1.719 
1 .647  1 .663  1 .726  
1 . 7 9 8  1 .756 1.747 
2 . 2 7 4  3 .036 4 . 1 5 4  
5 .675  5 .059  4 .357 
2 .196  2 .015 2 0 1 1 6  
2 . 2 3 5  201.02 1 .945 
1 .215 1 .806 1 . 7 9 9  
2 . 2 1 7  2 . 3 2 3  2 . 3 3 6  
2 . 1 4 4  2 .144  2 . 2 0 5  
2 . 6 1 9  2.686 2 .642  
2 .782  2.715 2 - 5 7 4  
2 . 3 1 0  2 - 3 1 ?  2.246 
1 .922  2 0 0 0 5  2 .127  
2 - 2 9 7  2.238 2 . 1 3 1  
1 .972  2 .066 2.1C,4 
2 . 3 5 3  2.325 2 .297  
2 . 2 5 0  2 . 2 2 4  2 .205 
2 .425 2 .476 2 . 4 9 2  
2 . 4 3 7  2 - 4 2 6  2 .428 
2 .506 2 .543 2 . 5 9 0  
2 . 6 2 9  2.636 2 .645  
2 . 6 2 0  2 .558 2 . 4 7 5  
2 . 3 0 7  2.3LP 2 .452  
2 . 7 6 n  2.777  VI 
2.L-34 2 .625 2 . ? 0 1  
2 . 7 5 3  2.59;i 2.427 
1.719 
1.777 
1 - 6 6 3  
1. 8 5 7  
1 - 8 2 8  
1 -  674 
2 , 3 9 1  
2. 1 2 7  
1.677 
2 . 0 1 4  
1 .838  
2 .006 
1 .676  
1 - 7 7 6  
1 .755  
5 . 6 9 0  
3 .397  
2 .271 
1- 8 7 2  
1 , 8 8 8  
2 . 2 8 3  
2 .316 
2 . 6 6 9  
2 .399  
2 . 1 3 0  
2 .273  
2 . 0 0 1  
2 .294  
2.2??0 
2 .192  
2 . 4 8 1  
2 . 4 5 0  
2 .622  
2 . 6 5 7  
2 .397  
2 . 5 6 2  




1 .675  
1 . 7 5 9  
1 .653  
1 . 9 0 1  
1 .865 





1 . 3 3 4  
1 .950  
1 . 6 6 1  
1 - 8 1 7  
1 . 9 Q 4  
6 . 4 2 1  
2 . 3 0 7  
2 . 3 2 9  
1 . 8 3 7  
2. 08 0 
2 .206  
2.466 
2 . 7 3 9  
2. 7 8 1  
1 . 9 9 3  
2 .315 
1 . 9 2 7  
2 .362 
2 -  2 7 2  
2 . 2 8 3  
2 .459 
2 .478  
2 . 6 3 7  
2.449 
2 .333  
2 . 6 7 6  
2.4')5 
2. " 3  7 
2.166 
*There values should be multiplied by 10" 
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Table 2. (Cont'd) 
Intensity,m photonr/cm* sac 8 
+O.O 8 I +0.2 8 I +0.4 8 I 4-0.6 8 I 4-0.8 8 
1 8 4 0 .  
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
1 8 5 0 .  
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
9 .  
1 8 6 0 .  
1.  
2 .  
3 .  
4 .  
5 .  
6 .  
7 0  
8 .  
9 .  
1 8 7 0 .  
1 .  
2 .  
4.  
5 .  
6 .  
7 .  
8 .  
a.  
3 0  
2 0 2 3 6  
1 . S l l i  
2 . 3 2 9  
2.  3 1 5  
2 .478  
1 .903 
2 0 2 6 5  
1 .637 
1 . 8 4 5  
2 .679 
1 .787 
2 .005  
1 . 8 5 2  
20 1 8 7  
2 0  8 5 7  
2. 7 9 5  
3. 159  
2 . 4 5 9  
2 0 6 9 4  
2 0 3 5 6  
2 .678  
2 . 6 5 9  
2 0 9 6 3  
2 996 
2 0 5 6 4  
2 . 5 6 7  
3. 0 7 4  
3 . 5 4 0  
3 . 4 6 1  
3 . 6 6 1  
3 . 5 2 0  
4 . 0 1 1  
3 .426  
3 0  6 7 5  
3 .708  
3 . 5 2 0  
3 . 3 8 5  
3 0 3 6 1  
3 . 3 1 0  
2 . 2 0 1  
1 . 8 5 4  
2 . 4 3 4  
2. 2 4 0  
2 . 5 1 7  
10 8 15 
2. 1 6 2  
1. 6 4 2  
1 . 9 8 3  
2. 6 6 4  
1 0 6 6 9  
2 .011  
1 . 9 0 7  
2 . 2 0 0  
3 0  177 
2. 8 5 2  
3 0  140 
2 .437 
2 . 6 7 3  
20 3 8 6  
20 7 0 2  
2 . 6 8 0  
3 0  OR6 
2 0  8 4 8  
2 . 5 9 7  
2 .495 
30  2 5 5  
3 .532  
3 .512 
3 0 6 4 8  
3 . 6 3 1  
3 .931 
3 .277  
4 0  0 8 3  
3 . 4 1 2  
3 .450  
3 . 3 6 3  
3 . 3 5 6  
3 . 3 0 2  
2 .093  
1 . 9 3 4  
2 . 4 6 1  
2.  1 9 2  
2 .445  
1 . 8 9 0  
1 .941  
1 0  6 4 7  
2 .  1 5 4  
2 . 5 2 5  
1 . 7 0 3  
1 . 9 7 9  
1 . 9 5 1  
20 2 2 6  
3 0 2 4 5  
2 0  9 2 0  
3 . 0 2 1  
2 0  5 6 9  
2 0 6 3 6  
2 . 4 9 1  
2 . 7 0 0  
2 0 7 1 6  
3. 2 1 5  
2 . 7 0 1  
2 0 6 4 0  
2 .557  
3 0  3 5 0  
3 .527 
3. 5 5 7  
3 0 6 0 6  
3 .797  
3 0  6 9 5  
3 0  2 0 0  
40  1 8 1  
3. Z O O  
3 . 3 5 3  
3 0  3 9 5  
3 0  3 4 9  
3 . 2 9 4  
1 .946 
2 . 0 4 5  
2 .473  
2. 2 6 1  
2. 2 9 1  
2 . 0 4 8  
1. 7 6 5  
1 . 6 7 9  
2.358 
2 . 2 9 5  
1.817 
1 . 9 3 8  
2 . 0 8 0  
2. 3 4 1  
3 0  1 1 8  
2.?18 
2 . 8 2 0  
20 6 6 0  
2.548 
20 5 8 6  
2 . 6 8 1  
2. 7 6 2  
3 . 2 5 3  
2 .550  
2. 6 4 8  
20 6 7 3  
3. 47 1 
3 0  5 0 5  
3 0  6 0 5  
3 0  5 3 6  
3 . 9 9 1  
3. 5 1 2  
3 . 1 2 7  
40 1 3 1  
3 . 1 9 0  
3 0  4 0 9  
3 .405  
30  3 4 0  
3 0  2 7 5  
9 ,  3 0 2 6 1  3 0 2 4 6  3 .228  3 . 2 1 0  3 . 2 1 4  
.These valuer rhould be multiplied by 1010 
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I S S O .  
1 .  




6 .  
7 .  
8 .  
9 .  
1 9 9 0 .  
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
9. 
9 .  
l Q O 0 .  
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
c) . 
1 9 1 3 .  
1 .  
2 .  
-3. 
4 .  
5 .  
6 . 
7 .  
0 ( 1  . 
0 c - ,  . 
3.232 
3 .153  
3.696 
4 .138  
4.01 5 
3 .848  
3.808 
3 .884  
3 .401  
4 .396  
4 .457  
4.107 
5 .398  
3 .779  
4 .849  
4 .288  
4 .  3 3 6  
4 .185  
3 .415  
3.947 
4.262 
3 -  5 2 3  
4 .354  
4" 5 2 4  
4. 941  
4 .433  
4 , 3 4 2  
4. 2 9 3  
5.106 
5 0 5 3 7  
4 .492  




5 .302  
5 .440  
5.545 
4.966 
5 .369  
3.267 
3 .160  
3.966 
3.965 
4 .135  
3.844 
3 .  Q58 
3.761 
3.635 
L o  4 2 6  
4.307 
4.3 11 
4. 9 0 2  
3.990 
40 .396  




3.  0 4 4  
4.197 
3.556 
4 . 6 2 2  
40 5 5 0  
4.5 n6 
4.361 
L. 5 4 3  
4. ? I 3  
5.306 
5.363 
4 . 4 2 2  
4 .  3 1 2  




5 0 3 4 2  
5 . f L G 4  
4. " 4 1  
5.459 
3 .281  
3.199 
4 .  1 0 5  
3.838 





3 .982  
L o  0 5 6  
4 .955  
4.261 
4 .213  
4. 779  
4.261 
4.451 
3 .761  
3.338 
4.007 
3 . 9 9 3  
3.639 








4 .456  
4.752 
5 .  cI47 
4 .057  
5 .325  
5. ski1 




3 .230  
3.2'34 
4 .199  
3 .776  
3.943 
3. + 2  5 
4 .125  
3 .643  
3.9R6 
4.476 
40 o w  
3.780 
5.5 2 4  
4.457 
4 .577  
4. 2 7 2  
4.430 
3.679 
3.  4 4 2  
4 .105  
3.779 




4 .367  
4 . 5 6 
4 .521  
5 . 5 I Y  
4 .794  
4 .486  
4 . 0 1 0  
5.057 
5 .  (3306 




5 .0z3  
5.58?  
*There values should be multiplied by 10'O 
3.181 
3 .479  
4.2L'6 




3 .623  
4.2h1 
4 . 5 1 1  
4. r!SQ 
5.661 
3 .7Q4  
4.695 
4 . 4 9 5  
4 .372  
4.321? 
3.556 




4. A23  
5.  1'?? 
4. 5LFCJ 
4. 3 7 6  
4. c) r);: 
4,692 
5.515 
4. hZ 7 
4. " 7 9  
5.073 
5. 0 1 6  
5 .  G79 
E;. 336  
5 .954  
5.545 
5.053 
5 . 3 1 4  
50 6 6 6  
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Table 2. (Cont'd) 
i Intensity." photons/cm* sec 8 Wavelength, I 
1 9 2 0 .  5 . 7 7 1  5 .965  6 . 2 7 8  6 . 4 1 7  6 . 4 7 7  
1.  6 . 4 9 4  6 . 5 1 3  6 . 4 4 2  6 . 1 9 4  6 . 0 1 6  
2 .  5 . 9 6 7  5 . 7 9 9  5 .582 5 . 5 8 1  5 . 6 6 4  
3 .  5 , 6 8 5  5 .711  5 . 7 5 4  5 , 6 9 1  5.4015 
4 .  5 . 3 7 3  5 , 3 2 3  5 . 3 3 4  5 . 3 8 2  5.f408 
5 .  5 .516  5 . 7 6 0  5 . 9 3 1  5 . 8 1 3  5 .595 
6 .  5 . 3 9 7  5 . 2 3 1  5 . 1 0 3  5 . 1 0 0  5 . 2 n 7  
7 .  5 0 ~ 4 2  5 , 7 3 6  5.9C)R 6 . 0 0 1  5.Q:38 
8 .  5 . 9 0 0  5.71:3 5 .716 5 . 5 6 3  5.2633 
9 .  5 . 0 7 7  4 . 9 8 7  4 . 8 3 3  4 . 6 3 8  4 . 3 1 7  
1 9 3 0 .  3 .906  3 .419  3 . 1 9 7  3 . 2 9 0  3 . 3 7 0  
1. 3 . 4 3 7  3 . 4 4 5  3 .401  3. 3 1 7  3 . 3 1 3  
2 .  3 . 3 7 4  3 . 5 9 5  3 . 8 5 1  4 . 0 3 1  4 . 1 2 0  
3 .  4 . 1 4 6  4 . 1 3 4  4 . 1 1 0  L o 0 9 5  3 , 9 7 3  
4 .  3 . 8 0 0  3 . 7 7 5  3 . 8 0 2  3 . 8 0 2  3 . 7 7 4  
5 .  3 . 6 9 4  3 . 5 4 9  3 . 3 4 0  3 . 2 4 8  3 . 2 1 7  
(7. 3 . 1 7 4  3 .1F3  3 . 2 9 7  3 . 4 9 4  3 . 7 7 4  
7 .  4 . 0 7 3  4 .302 4 . 8 0 9  5.23(3 5 . 4 4 0  
3 .  5 . 6 7 6  6 . 1 1 9  6 . 3 7 3  6 . 4 5 4  6 . L 9 9  
9 .  6 . 6 3 9  6 . 7 8 0  6 . 7 7 9  6 . 6 5 2  6 . 6 1 7  
1 9 4 0 .  6 . 6 2 1  6 . 6 8 1  6 . 9 2 3  
1. 8 . 1 3 8  8 .415 3 .635  
2 .  8 . 7 4 9  8 .723  8 . 8 2 3  
3 .  9 . 2 5 2  9 . l n 0  8 . 7 2 0  
5 .  8 . 8 4 7  1.71% 8.4'30 
6 .  7 . 5 0 3  7 . 5 0 2  7 . 8 9 7  
7 .  9 . 5 4 2  9 . 9 9 9  Q . 7 1 4  
8 .  9 , 0 7 8  9 . 3 9 1  S o 4 9 1  
9 .  9 . 2 4 2  f?.c103 8 .505  
4. 7 . 7 3 2  7 . 7 5 8  7 . 7 7 4  
1 9 5 0 .  7 , 7 6 2  7 . 7 6 2  8 . 0 3 5  
1 .  7 . 7 7 8  7 . 4 4 8  7.146 
2 .  6 . 6 2 6  6 . 5 2 1  6 . 4 7 6  
3 .  7 . 1 8 6  7 . 6 3 1  8 . 3 7 1  
4 .  5 . 5 7 7  9 . 4 1 3  9 . 2 2 5  
5 .  7 . 5 4 3  7 . 6 7 1  7 . 2 9 4  
6 .  8 . 6 5 0  [ ? 0 9 1 3  9 . 1 0 7  
7 .  8 , 4 3 5  8.0C)l 7 . 8 7 3  
8. 7.955 8 .141  8 . 1 7 0  
7 . 4 2 2  7 . n 3 6  
8 . 7 3 5  13.759 
9 . 0 4 4  9.105 
7 . 9 2 2  7 . 7 3 2  
7 . 8 6 2 H . L,-7 7 
8.022 7.h7L. 
8 . 5 4 0  9.3QFI 
9 . 3 2 9  9 . 0 9 5  
9 . 4 8 5  o.L.14 
8. 1 3 3  7 .39R 
8 . 4 0 h  '3 . 2 0 7 
6 . 9 1 5  6.760 
6 . 6 1 3  6 . 7 8 1  
9 . 1 3 4  9 . 3 4 0  
8 . 5 5 5  7.7'?!5 
7 . 3 1 2  0.016 
8 . 9 7 5  3 . 7 7 2  
7 . 7 0 3  7.69'7 
R.903 9 . 6 9 3  
"0981t 10.21% 1 0 . 1 4 3  9 .93 : :  9.63'' 
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Table 2. (Cont'd) 
1060. 
1 .  
2 .  
3 .  
4. 
5 .  
6. 
7 .  
?. 
9 .  
1 9 7 0 .  
1 .  
2 .  
3 .  
4. 
5 .  
6 .  
7 .  
c, 
3. 
1 9 8  0. 
1. 
2 .  
3 .  
4.  
6 .  
7 .  
8 .  
9 .  
1 9 9 0 .  
1 .  
2 .  
3 .  
4 . 
5 .  
6 .  
7 .  
R .  
9 .  
r 
3 .  
9 .24q  ? , e 9 3 5  8.6532 3 .312  7 . 7 4 2  
7 . 4 1 7  7 . 5 9 0  7 . 6 8 1  7 . 6 3 5  7 . 5 5 2  
7.5'-3 7 .645  7 . 7 5 6  7 . 9 4 9  R.097 
8 .032  8.076 8.245 8 .159  2 .020  
1,421 9.367 1 0 . 0 1 3  1 0 0 0 6 Y  9.053 
9 .612  9.436 9 . 5 5 1  9 . 7 5 3  1 0 . 1 9 4  
1 0 . 5 4 6  10 .608 1 0 . 4 0 3  10 .248  1 0 . 0 6 2  
1 0 . 2 4 5  10.637 1 0 . 8 3 2  1 0 . 4 2 9  1 0 . 3 5 7  
1 0 . 7 6 2  11 .019  1 0 . 9 6 3  1 0 . 7 9 1  11 .053  
1 1 . 5 0 5  11.577 1 1 . 3 3 2  1 0 . 9 7 4  1 0 . 7 2 6  
1 0 . 6 3 2  
9.600 
9 , 7 2 0  
1 0 . 1 9 1  
9 .208  
9 0 2 3 3  
9 .936 
10.251 
1 5 6  
a. 9 5 9  
9.969 9 0 5 6 3  9 , 4 5 5  9 o L 3 2  
9.775 ?. 3 4 5  9 . 9 2 8  9.  ,?2 7 
9 . S 2 3  9 . 5 3 9  9 . 4 5 1  9 .696 
10.555 1 0 . 5 9 2  1 0 . 0 0 3  9 . 5 4 7  
9 0 0 9 8  9 . 2 8 3  9 .395 9 0 3 9 3  
9.098 8 .968 9 . 3 6 5  9 0 7 r ) e  
9.897 9 .442  9 .332  9 . 3 6 4  
a.584 q . 2 9 4  ~ 6 7 6  9 . 7 9 0  
10 .773 1 0 . 4 0 4  Q. f :75  8 . 8 2 4  
*90624  1 0 . 1 1 5  1 0 . 1 5 7  9 .nn2  
9 . 4 7 1  QoI.85 8.925 9 . 4 3 7  1 0 0 r ) 3 6  
1 0 . 4 5 2  10 .729  1 1 . 0 8 1  11 .536  1 1 . 6 1 2  
1 1 . 1 1 2  10.835 1 0 , 6 0 6  1 0 . 1 4 2  9 .4Q2 
9 .287  9 ,396  9 .737  10 .03S 10.700 
1 0 . Z a 2  10.354, 10.274 1 0 . 2 1 4  1 0 . 5 7 7  
1 1 . 0 0 1  10 . "34  1 0 . 4 3 4  1 0 . 1 0 Q  9.130 
8 . 7 6 0  8.179 7.R57 R.Oh@ 3 . 4 9 5  
8 .702  P o 8 7 0  9 .139  C l o 5 t 4  9 , 6 5 1  
9 . 7 5 5  9.779 0 .591  8 . 3 3 5  7 . 4 3 1  
70c)1!) 2 . 7 0 1  9 .2hq  9 .630  0.92q 
.These voluer should be multiplied by 10'O 
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Table 2. (Cont'd) 









6 .  
7 
Intensity,' photonr/cm' sec 8 
2010.  14.248 13.769 12.509 11.657 
1. 10.433 10.499 11.052 11.985 
2 .  14.534 14.981 14.909 14.933 
3. 15 .510  15.135 14.272 13.595 
4.  13.423 13.031 12.842 13.519 
5. 13.157 12.850 12.753 12.698 
6. 13.096 13.438 14.100 14.639 
7. 14.857 14.968 16.068 16.370 
8 .  16.165 14.723 14.107 13.765 











2020. 13.774 13.786 13.998 13.973 13.752 
1 .  13.546 13.480 13.501 13.132 12.494 
2 .  12.540 13.001 13.500 14.068 14.581 
3.  14.572 14.973 15.645 16.195 15.476 
4. 14.930 14.486 14.113 13.743 13.768 
5. 13.783 12.410 10.131 3.230 7.621 
6. 8.565 9.474 10.662 12.257 13.670 
7. 14.489 1 5 . 4 5 , ~  16.272 16.508 16.498 
8. 16.607 16.339 15.968 15.669 15.422 
9 .  15.174 14 ,904  14.907 15.262 15.663 
2030. 15 ,696  15.465 15.273 15.741 16.614 
1 .  17.152 16.929 16.598 16.717 17.080 
2. 17 ,317  16.702 15 .711  14.715 13.793 
3. 12.873 12.210 12.742 13.092 12.869 
4.  12.529 12.628 13.441 14.180 14.514 
5. 14.394 16.316 17.188 17 .560  17.946 
6 .  18.073 18.013 17.782 17.470 17.521 
7. 18.102 18.399 18.432 18.063 17.752 
8. 17.329 16.646 16.079 15.498 14.855 
9 .  14.308 14.113 14.382 14 .504  14 .323  
'There valuer should be multiplied by 10'0 
20 
E 




Table 2. (Cont'd) 
I n t u ~ ~ s i t y /  photons/an' see 8 
+O.Og I 4-0.28 4-0.48 I i -0 .61  I i-0.88 
2050. 18.309 18.479 19 ,420  18.173 17.746 
1. 17.275 17.260 17.628 15.287 19.959 
2. 19.343 19.412 i a .488  19.578 19.646 
4. 18.772 i f i . 4 ~ 1  18.178 17.547 1 7 . ~ 3 5  
3 .  19.609 19.516 19.450 19.269 19 .996  
5. 16.786 16.011 15.521 15.072 14 .651  
6. 14 ,960  16.893 19.537 19.446 18.751 
70 18.278 17.831 17.376 16.895 15 .987  
0 .  14.953 14.580 14.775 15.405 16.119 
9 .  17.204 18.438 20.311 20.959 20.525 
2060. 19.507 19.425 20.937 21.304 
1. 19.262 16.771 14.782 14.210 
2 .  14 ,479  15.207 16.650 15.562 
3. 19.469 19.490 18.119 17.933 
4.  19.198 200109 20.75L 20.452 
5. 19.260 18.015 16.695 li.7F11 
6 .  19.497 19.492 19.595 19.675 
7. 19.691 19.448 1 9 - 2 6 3  19.113 
a.  18.836 18.696 18.488 18.298 











2070. 19.060 19.530 20.027 20.509 20.748 
1. 21.115 20.741 19.580 19.668 19.622 
2 ,  19.669 19.579 19.669 19.671 19.779 
3. 20,402 21.5n3 22.406 22.157 21e5R4 
4.  20.726 19.865 19.741 20.652 21.762 
5. 22.896 23.330 23.329 22.993 22.428 
6. 22.269 23.024 23.570 23.747 23.249 
7. 22.451 22.142 22.389 22.671 22.371 
8. 21.068 19.504 18.824 19.0097 20.057 
9. 21.309 21.626 21.048 22.069 21.Qq4 
*These values should be multiplied by 10'O 
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Table 2. (Cont'd) 
Intensity,' photons/cm' sec 8 
+o.o 8 I +0.2 8 I 4-0.4 8 1 4-0.6 8 I +0.8 8 
2090. 21.775 21 .305  29 .656  19 .908  19.313 
1 -  19.052 18.935 15.997 1 3 . 7 9 4  13.650 
2. 18.503 18.707 19.045 19 .743  2 0 o Q 3 6  
3 .  22 .524  23 .713  23 .415  2 0 . 7 8 9  1 7 . 3 9 7  
4 .  1 7 , 7 7 2  18 .092  18.921 20.437 21 .707  
5 .  2G.803 20 .499  2 1 . 7 3 5  2 5 . 1 2 1  2 7 . 7 2 4  
6 .  2 6 . 8 0 3  26 .473  2 7 0 6 3 7  26 .666  24 .510  
7 .  22 .355  21 .471  24 .122  28.822 3 3 . 3 5 3  
3 7 . 9 6 0  36 .183  28 .975  21 .285  19 .374  
9 .  20.591 2 4 0 3 9 L  28 .178  25.860 73.17' 
2 0 9 0 .  
1. 
2 .  
3 .  
4 .  
5 .  
6. 
7 .  
8 .  
9 .  
2 0 . 9 3 2  2 2 . 3 2 2  27.048 27 .827  7 9 . 3 3 4  
31 .256  32 .921  31 .298  2 ~ 3 . 5 ~ 1  2 ~ o 6 ~  
29.576 37 .146  4 5 . 4 5 2  54 .227  55.691 
51 .316  4 0 . 7 6 9  3 0 . 2 4 9  2 7 .  ?60 2 5 0 ~ 3 5  
2 5 0 7 1 9  28.465 29 .177  2 8 . 1 2 5  28 .372  
3 4 . 6 2 0  39 .295  44. 5 3 5  4 7 . 2 6 4  $70 1 1  7 
4 4 . 5 7 2  39 .483  35 .606  33 .809  3 5 . 2 0 7  
40 .776  4 Q . 2 6 4  5 1 . 4 3 L ~  55, 770  57 .011  
52 .500  4 6 . 0 3 6  3 9 . 8 6 1  3 5 . 2 2 2  35 .567  
37 .013  3 6 . 7 5 9  32 .051  2 5 . 3 4 8  16mL49 
'These values should be multiplied by 10'0 
30 
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Table 10. Solar spectrum integrated over 50-8 intervals 




1150 0 840 
1200 80277 
1250 20 003 
1300 2.595 
1350 4 0  148 
1400 4 0  206 
1450 7.651 
15 00 14.339 
I Intensity' 
18 00 10 Si2 
l E 5  0 2.611 
1900 40 49 1 
1'>5 0 7.613 
7 0 0 0  11.539 
7 0 5 C  170 372 
3150 0 475 
7 2  00 0 632 
2250 0756 
7300 0 767 
2 3 5 0  0 7 0 8  
7400 735 
7450 0926 
7500 0 1999 
2559 10 303 
2600 1.758 
?650 30  393 
2700 3 0  568 
2750 30 140 
2 8 0 0  2.548 
2550 4.560 
7900 80 125 
! 9 5 0  80754 
lues x 108 
lues x 10'0 
lues X 10" 
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